A simplified procedure for the identification and measurement of single-ring aromatic products of lignin acidolysis is described. The procedure employed a 6-h hydrolysis of spruce milled wood lignin in acidic dioxane at 8rC, followed by a series of organic extractions to recover acidolysis products which were quantified by gas chromatography of trimethylsilyl derivatives. Complex gel permeation chromatography procedures utilized by other workers were avoided in the modified procedu're, but equivalent results were obtained. The simplified procedure was utilized to hydrolyze sound and actinomycete-decayed spruce milled wood lignins and was shown to be useful as a technique for the rapid screening of microorganisms for their ability to alter lignin.
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A valuable method for comparing the chemical composition of sound (native) and microbially degraded lignins is acidolysis (2-4). Milled wood lignins (MWLs) prepared from sound or microbially degraded lignocelluloses were hydrolyzed in acidic dioxane, and the resulting single-ring aromatic breakdown products were quantified by gas chromatography of trimethylsilyl (TMS) derivatives. The original procedure of Lundquist and Kirk (4) is complex and includes heating the acidolysis mixture in refluxing acidic dioxane and gel-permeation chromatography for the separation of single-ring aromatic products. Here we describe a simplified acidolysis procedure which avoids column chromatography and gives results comparable to those obtained by Lundquist and Kirk (4 80/100-mesh acid-washed and dimethyldichlorosilane-treated Chromosorb G coated with 5% (wt/wt) OV-1 as the stationary phase. The temperatures used were: injector, 240°C; detector, 280°C; and column, 220°C. The carrier gas was N2 at a flow rate of 30 ml/min (5) . For quantification of each compound detected, the derivatization time giving maximal recovery was used. Gas chromatography-mass spectra were obtained with a KLB-9000A instrument run at 70 eV under similar conditions (2).
Standard compounds. 4-Hydroxy-3-methoxybenzaldehyde (compound VII), 4-hydroxy-3-methoxybenzoic acid (compound VIII) (vanillic acid), and 4-hydroxybenzaldehyde (compound XII) were purchased from Sigma Chemical Co. 1-Hydroxy-3-[4-hydroxy-3-methoxyphenyl]-2-propanone (compound I) (Ketol I) and 4-hydroxy-3-methoxycinnamaldehyde (compound IX) were obtained from T. K. Kirk (USDA Forest Products Laboratory, Madison, Wis.). 1-[4-Hydroxy-3-methoxyphenyl]-2-hydroxypropanone (compound III) was obtained from R. L. Crawford (University of Minnesota).
RESULTS AND DISCUSSION
Twelve important single-ring aromatic acidolysis products from spruce MWLs were reported by Lundquist and Kirk (4) . They reported a relative retention time for each product, calculated relative to the exact and relative retention times of compound I (Table 1) . A comparison of our exact and relative retention times to theirs is shown in Table 1 . Relative retention times of available purified standards in our gas chromatograph corresponded quite closely to those of Lundquist and Kirk. The expected retention times for the other six compounds were calculated based on an actual retention time of 3.99 min for Ketol I. From these MWLs, we detected 11 of the 12 compounds reported by Lundquist and Kirk; the exception was compound II, a minor product (Table 2 ). For each chromatographic peak, except for the peak corresponding to compound IX, the molecular ion was determined by gas chromatography-mass spectroscopy ( Table 2 ). These data demonstrate that the modified procedure for recovery of MWL acidolysis products recovers the same spectrum of compounds as the more complex procedure of Lundquist and Kirk.
The advantages of the simplified procedures over the original Lundquist and Kirk procedure result in an ability to examine more samples in a shorter time. Multiple samples can be performed easily at the same time in our simplified procedure because we avoid heating each acidolysis mixture by suspending each sample in refluxing acidic dioxane-water (9:1; 87°C). Gel-permeation chromatography was also avoided by employing solvent extraction of the acidic liquor after heat treatment. However, desiccation of the extracted residue for 72 h in an N2 atmosphere was much longer than the overnight desiccation by Lundquist and Kirk.
The modified procedure also gives yields comparable to those obtained by the more complex procedure (Table 3) . From the sound MWL, Ketol I was the most abundant acidolysis product and was recovered in yields of 4.8% of the original MWL subjected to acidolysis. Yields of vanillic acid, the second most abundant product, averaged 3.3%. These recoveries are similar to those reported for sound spruce MWL by Lundquist and Kirk (4) and are as expected from a softwood lignin (3) .
The S. viridosporus-degraded MWL also yielded Ketol I and vanillic acid, but in altered yields, averaging ca. 2.4 and 5.1%, respectively. Similar values for actinomycete-degraded lignins have been reported previously and show that ligninolytic Streptomyces spp. structurally alter lignin by an oxidative process (2). For softwood lignins, a comnparison of the yields of Ketol I and vanillic acid from sound and degraded MWLs is a useful way of measuring the degree of microbially mediated changes in the structural integrity of lignin (3) . The modified acidolysis procedure described here provides a more rapid and simplified method for using acidolysis as a tool in screening microorganisms for ligninaltering capabilities.
